Introduction
Obesity among children and adolescents has continued to rise in epidemic proportions since the late 1970s. The prevalence of obesity among children and adolescents in the US has tripled between 1976 and 2008, 1 with a 2012 prevalence of 19.7% (females) and 17.2% (males) among those aged 6 to 12 years, and 20.4% (females) and 21.4% (males) among those aged 12 to 19 years. 2 Obesity rates in general have plateaued since 2008, but rates for obesity Class 2 (120% of the 95th percentile or a body mass index [BMI] > 35 kg/m 2 ) and Class 3 (140% of 95th percentile or BMI > 40 kg/m 2 ) continue to increase. 2 The obesity prevalence among children is particularly alarming because obesity-related diseases, rarely seen in children in the past, are increasingly being diagnosed in pediatric patients; these obesity-associated conditions include obstructive sleep apnea, nonalcoholic fatty liver disease with resultant cirrhosis, and type 2 diabetes. 3 In addition, obesity is related to hypovitaminosis D (vitamin D deficiency and insufficiency). 4 Vitamin D is a fat-soluble vitamin and is naturally present in only a small number of foods. Vitamin D can be added to food, and it can be ingested as a dietary supplement. Vitamin D is produced endogenously when ultraviolet rays from sunlight strike the skin and trigger vitamin D synthesis. Groups of people at risk of vitamin D inadequacy include breastfed infants and older adults, as well as people with limited sun exposure, dark skin, or fat malabsorption, and those who are obese. Since the mid-1990s, mean serum 25(OH)D concentrations in the US have slightly declined among males but not females. 8 This decline is probably caused by reduced milk intake, inadequate sun exposure, greater use of sun protection when outdoors, and simultaneous increases in body weight. 8 Obesity does not affect the skin's capacity to synthesize vitamin D. Rather, greater amounts of subcutaneous fat sequester more of the vitamin, making it less bioavailable to the body. 9 Hypovitaminosis D has been considered a risk factor for glucose intolerance and decreased insulin sensitivity. 10 Serum 25(OH)D levels below 20 ng/mL have been associated with decreased pancreatic β-cell function. 11 It has also been found that insulin sensitivity is as much as 60% higher in individuals with serum 25(OH)D levels of 30 ng/mL vs those with levels of 10 ng/mL.
11
Along with glucose intolerance, vitamin D deficiency and insufficiency are associated with obesity-related health diseases. 12 For instance, low vitamin D status may increase the risk of diabetes mellitus,
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Prevalence of Hypovitaminosis D and Its Association with Comorbidities of Childhood Obesity hypertension, cardiovascular disease, 13 and certain types of cancer 14, 15 and has been associated with greater severity of critical illness. 16 Vitamin D also plays a role in the liver, skeletal muscles, 10 and the immune system. 10, 17, 18 In the present study, we report the prevalence of vitamin D insufficiency and deficiency in obese pediatric patients at Penn State Hershey Children's Hospital in Hershey, PA, and the association of hypovitaminosis D with comorbidities of childhood obesity.
Methods
A retrospective chart review was conducted of 155 obese children and teenagers aged 5 to 19 Rural-urban commuting area code data were used to categorize the patient's residence as either urban or rural on the basis of zip codes. 19 These data were analyzed to determine the prevalence of vitamin D insufficiency/deficiency and to assess for its relationship to comorbidities. In addition to those from the history, comorbidities included acanthosis nigricans, hyperlipidemia, and abnormal liver function tests. Also assessed was the relationship between vitamin D insufficiency/deficiency and the total number of comorbidities, insulin level, ). The study was conducted with the permission of the Penn State Hershey institutional review board.
Statistical Analysis
All analyses were carried out using SAS statistical software Version 9.3 (SAS Institute, Cary, NC). Descriptive statistics were generated for all variables using means, medians, and standard deviations for continuous variables and frequency tables for categorical variables. The season was defined by the laboratory date using the meteorologic definitions of the seasons by months. The outcome variables were defined in binary form for vitamin D insufficiency (< 30 ng/mL) and vitamin D deficiency (< 20 ng/mL). A bivariate analysis was performed to assess the association of these outcome variables with the various independent variables of interest using a logistic regression. This same analysis was stratified by categories: age, sex, race, and season to determine if any of the associations seen overall were manifested within 1 group more than in another. Because of a small number of children from a rural location, we were unable to stratify by location.
On the basis of results of the overall bivariate analysis, a subset of clinically and statistically significant independent variables was chosen to be considered in a multivariate logistic regression for each outcome. The starting subset of variables to be considered included age, sex, race, location, season, systolic BP, insulin level, hyperlipidemia, and total comorbidities as a surrogate for the collection of individual comorbidities. Before doing any modeling, this subset of independent variables was tested for multicollinearity using variance inflation factor. From this subset, a final reduced set of significant independent variables was chosen for each outcome using a backward process of elimination with an inclusion criterion of p = 0.10. Two-way interactions were tested for significance between all independent variables remaining as significant in the model after the backward elimination process, but none were found to be significant to the model for either outcome. The fit of the final logistic regression model was assessed using the Hosmer-Lemeshow goodness-of-fit test. Odds ratios were used to quantify the direction and magnitude of the association with the outcome of the independent variables remaining in the final model.
Results
The characteristics of our study sample are shown in Table 1 . Our population was 65% female, 91% urban, 61% white, 19% African American, and 8% Hispanic. Their most common medical comorbidities included acanthosis nigricans (59%), hyperinsulinemia (42%), elevated systolic BP at first visit (35%), PCOS (20%), asthma (16%), attention-deficit/hyperactivity 
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Vitamin D levels ranged from 5 to 60 ng/mL with a mean of 23 ng/mL. The prevalence of vitamin D deficiency (< 20 ng/mL) was 40% and insufficiency (20-30 ng/mL) was 38%; only 22% had a normal vitamin D level above 30 ng/mL (Figure 1 ). Stratifying these results by age group, 27.8% aged 5 to 9 years, 35.4% aged 10 to 14 years, and 50.9% aged 15 and older were vitamin D deficient.
In bivariate analyses, older age, AfricanAmerican race, winter/spring season (Figures 2 and 3 ), higher insulin level, hyperlipidemia (elevated total cholesterol, low-density lipoprotein, or triglycerides levels), and PCOS (female only) were significantly associated with vitamin D deficiency ( Table 1) . Some of these associations were also found with overall hypovitaminosis D, including AfricanAmerican race, winter/spring season, and higher insulin level. Higher systolic BP was significantly associated with hypovitaminosis D but not with vitamin D deficiency. Urban location was significantly associated with hypovitaminosis D and trended toward significance for vitamin D deficiency despite having a limited number of children from rural locations. In an unadjusted comparison, the total number of comorbidities was not associated with a low vitamin D level. However, when controlling for all other variables in our model, there was a significant association with vitamin D deficiency, and leaning toward a significant association with hypovitaminosis D. Sex; heart rate; diastolic BP; aspartate aminotransferase, alanine aminotransferase, and HbA 1c levels; attention-deficit/hyperactivity disorder; asthma; depression; gastroesophageal reflux disease; and snoring were not associated with vitamin D deficiency or hypovitaminosis D.
In the adjusted analysis, older age, nonwhite race, rural location, winter/spring season, insulin, and total comorbidities remained significantly associated with vitamin D deficiency ( Table 2) . These same associations with hypovitaminosis D were sustained in a multivariate model together except for older age. Elevated systolic BP was also associated with vitamin D insufficiency.
When the analysis was stratified by age category, sex, race, or season, several significant associations were stronger in 1 group than in another. For children age 10 to 14 years, girls were more likely to be vitamin D deficient than boys (43.4% vs 19.2%, p = 0.040). For children age 15 years and older, a higher insulin level was significantly associated with being vitamin D deficient 
Discussion
The etiology of hypovitaminosis D is likely multifactorial because it has been associated with several dietary factors 21 as well as decreased sunlight exposure and poor vitamin D intake. 22 Our Pennsylvania prevalence of 77.8% (insufficient and deficient) is less than that of a study in Texas that showed a prevalence of 92% of vitamin D insufficiency and deficiency in 6-to 16-year-old obese patients, 21 and more than 90% in 17-year-old obese teens in Rhode Island. 9 Our study did not look into milk intake or specific dietary sources of vitamin D consumption or sunlight exposure. We found that nonwhite race, elevated systolic BP, hyperinsulinemia, multiple comorbidities, urban location, and winter/spring collection of blood samples were associated with hypovitaminosis D.
Our findings suggest that older children and teenagers are most likely to be vitamin D deficient. Across age groups, urban patients are more likely than rural patients to be vitamin D deficient. In multivariate analysis, this was still significant for overall hypovitaminosis D. Diet and sunlight exposure probably played a role, but these data were not collected.
After multivariate analysis, we found a significant association with total number of comorbidities and vitamin D deficiency, and the association with hypovitaminosis D almost reached statistical significance. This may be an overall reflection of general health status. Vitamin D is part of many physiologic pathways, and its role in many illnesses is still not completely understood. These results may imply its cumulative involvement in obesity-related problems. The exact reason for this is unknown, and further study in this area may be warranted.
A few sex-based differences were noted. Female subjects showed a seasonal variation of being more likely to have low vitamin D in winter/spring. Male subjects showed no seasonal variation. Male subjects showed higher mean systolic BP and insulin levels as vitamin D levels dropped. This was not seen in female subjects. Obese 10-to 14-year-old girls are at higher risk of vitamin D deficiency compared with boys the same age. The exact relationship here is unknown. It may be related to more outdoor activity for the boys, but this was not directly measured.
Race played an important factor. African Americans had the lowest vitamin D levels, with 100% being insufficient and 79.3% being deficient. Whites had much lower prevalence. For those who were vitamin D sufficient, 85% were white. This is consistent with findings of previous studies looking at race. 10, 23 African Americans have skin pigmentation that reduces vitamin D production, and from about puberty onward, vitamin D intake is also generally below recommended levels. 23 It has been recently shown that African Americans can have lower vitamin D and vitamin D binding protein levels, which may actually lead to similar levels of bioavailable vitamin D compared with whites. 24 Thus, our current "normal" values for vitamin D may need to be adjusted for this population. Further study in this area is needed.
We found a strong link with seasonality in the winter and spring collections. There was a 3.7-fold greater likelihood of being vitamin D deficient and a 4.2-fold greater likelihood of having hypovitaminosis D in these seasons compared with summer and fall collections. This is probably secondary to decreasing sun exposure in late fall into winter and poor bioavailable Vitamin D stores. Vitamin D is fat soluble and is readily stored in adipose tissue, and may be sequestered in a larger body pool of fat of obese individuals. 4 People obtain most of their vitamin D requirement from casual exposure to sunlight. It has been shown that there is more than 50% decreased bioavailability of cutaneous synthesized vitamin D 3 in obese adult subjects, and this likely accounts for the consistent observation that obesity is associated with vitamin D deficiency. 4 Insulin levels have been shown to have seasonal variation with the highest levels in spring compared with fall. 25 This may explain why all of the vitamin D sufficient subjects had normal insulin levels in the winter/ spring collection. Even with this seasonal variation, 69.6% had hypovitaminosis D and 30.4% were deficient in summer/fall collections. This may lead the practitioner to consider the season with borderline vitamin D results before supplementation recommendations are given. For example, if it is fall and the number is borderline, it will likely decrease over the winter/spring months.
Low vitamin D levels have been associated with risk factors for Type 2 diabetes mellitus (specifically insulin resistance but not HbA 1c ) in obese children. 21 We also found this to be true in our population, as shown by its associations with overall BMI, hyperinsulinemia, and PCOS. Hyperinsulinemia was particularly predictive in the age group 15 years and older, in which 80% were vitamin D deficient (odds ratio = 10, p < 0.001). Insulin resistance is also part of PCOS, and we found associations with both. In another study, 72.8% of women with PCOS were vitamin D insufficient. 26 Serum triglyceride levels and systolic BPs have been linked to vitamin D deficiency. 27 Our study overall showed that elevated systolic BP was predictive for hypovitaminosis D, but not deficiency. For male subjects, however, it was predictive of both, with higher systolic BPs in the deficiency group. We did not find an association with fasting triglycerides or cholesterol levels, but we did find an association with hyperlipidemia in general for any elevation in total cholesterol, LDL, or triglycerides levels.
It is difficult to precisely predict the exact amount of sunlight required to produce enough vitamin D for each individual, and there are some health concerns relating excessive sun exposure to skin cancer risks in adulthood. 10 Therefore, it is important to encourage protected sun exposure for children and teenagers. Limitations of the present study are small sample sizes for age group comparisons and from rural homes. Data on dietary vitamin D (especially milk intake), sun exposure, and sunscreen use were not obtained as this was a retrospective study and these data were not routinely collected. In addition, data were not collected on parameters that could affect insulin levels, such as amount of physical activity, medication use, hours of sleep, or a family history of diabetes and PCOS. Our subjects were obese children from central Pennsylvania who were referred for weight management, which may not be representative of all obese children. Despite these limitations, these results show that there are multiple associations for hypovitaminosis D, and these findings are likely applicable to all obese children in the US. Our study looked only at associations and did not show causality.
Conclusion
Hypovitaminosis D has many extraskeletal associations, including cancer, cardiovascular disease, diabetes, and autoimmune disorders. Previous evidence has been inconsistent, inconclusive as to causality, and insufficient to inform nutritional requirements. 7 In this study, African-American race, winter/spring season, urban location, and higher insulin level were significantly associated with vitamin D deficiency and overall hypovitaminosis D. These, along with elevated systolic BP, urban location, total number of comorbidities, and PCOS (in female subjects only) were also associated with hypovitaminosis D.
The American Academy of Pediatrics Expert Committee, regarding the assessment, prevention, and treatment of child and adolescent overweight and obesity, does not currently recommend assessing vitamin D status in obese children. 29 Given the large percentage of children, even in our youngest age group who are vitamin D deficient, routine screening of vitamin D should be considered in obese children and supplementation when needed. Supplementation has been found helpful in patients with systemic lupus erythematosus and hypovitaminosis D, as it improved inflammatory markers and disease activity. 17 Vitamin D screening is more likely to have abnormal results with any of the following: older age, nonwhite race, elevated systolic BP, hyperinsulinemia, multiple comorbidities, PCOS, urban location, or winter/spring collection of blood samples. Seasonal variations of vitamin D levels should also be considered when recommending supplementation. Further study is needed to see if vitamin D supplementation will have an impact on preventing further weight gain or preventing possible comorbidities such as hyperinsulinemia, diabetes, and PCOS. v
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